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(57) [S*?J] 

^*^T*oT, m&m^mmt)io. oooi~5<*:« 

■5. 



( 2 ) 

1 

«^^*^T$)oT, ^^&^mmt)^o. 0 0 0 i~5 

^^>^ \'m'i-t>mi$-^^^-t^:it^wmtT lo 
^ D ig b W4 i3 ^ nx I i ^ ^1 1 Sri* m * 

^. 

[i»*a6] 7>^'y'f h*Ki-f :t>*«, Pr". Nd 20 

Sm'', Eu'*. Tb", Dy", Ho", E 
r = '. Tm". Yb" *^e>^t^Sf J; Dating fo<DT«) 
^»*« 1 75M 5 IClStt®^«^ife*T. 

Cl^*«7] ^>5'y'f h*l^-<:^>*tTb"X«Eu 

M «3fi*w-r -5 3 TIM 7 \zmm(o9tn^^m 
^. 

If 3 TIM 8 trBBttro^ts^m^^ . 
[Sf 1 0 ] mim 1 TiM 9 JrfB«£©7t«^^^^ 

[0 0 0 1 ] 

^Wkm±.\zmm\.t:i^'mM.mm=f-\zwr^ fc©Ta& d , 
Rg-f :i->o3t7t*fijffl-rs c i J; 0 »L < Jiss^nfc 

[0 0 0 2] 



1 -4 0 8 7 1 

2 

[0 0 0 3] mx\t. ±m%m<r)iiotii(gji:\.^'t^3:m.m 

m^^%m-t^^m^^m=f-\zis,\,^x. ^ffl^n^s* 
m.mm(D%(r>:x.^)v^-\tm'^mmzmm^nfi^^, 

SiJt^mm, 1 2 9 9M ( 1 9 9 7^3^> #±?,) 

[0 0 0 4]-;^. 5>^'y'r KRi-f :t>©^7t;3^S 
tJ, $)^Viliit#:^Jg^$-a-tC< l/iV h U >;/ i7 7.tw*31/i 

mpiit. ytyT^z-^-mmamizmm-^n^x.)].}! 
mtu-oT\>^^ mu;m±m, 2 3#, 6 7h (19 

9 3), Emm anuel Desurvive;Er 
bium — Doped Fiber Am pi 1 f i e 
rs:Principles and Applica 
tions, John Wiley & Sons.N 
ew York (1 9 9 4) ##fig) . ntlUVft'rJVM 

^mmtr^tim\zii\.^xh. ^A^^m^omm^^t 

[0 0 0 5] 

vrzy>^'y^ m^^xofgiA^mmommiz^rz 

mit^<Dm9nz^r)mM^:ty(Dmm^'S:mmmzm 

[0 0 0 6] 

nm-r^tztbiz. mz^mm-i :tymmz^\,^x^^?k 



( 

3 

:t > t' 5 1 ^^siijc^^ big < -r 

:^%m(o^m<ommzmm-j;^^z.t^^\,^tz\^tzo s 

\z. ^^m.^mf}^. u^m\.mmzi^mm'm.^m-t 

mf&fS.j^ft^m'^\z\t, ±.%^(D^f^i^mmm(Dm\z, 

[0 0 0 7] ip-fe, *^igoSett, «S^^Jg?£>t« 
«*«0. 0 0 0 1 ~5#:a%(D^>^yi' Hgg-1-:t>$- 

^iii:wmtt^^m^mm^iz$>^, kkt, *5§bjs: 

[0 0 0 8] 

\zmzmmitfj.\,^, 

[0 0 0 9] ^mm<Dytm^mm^it. &mmmmtyt 
td^ab-s. ) ^zmm■^nT\>^^o *%i^cDget)i&^L< 

[0 0 10] ^9^m0iftm^^m^<Dm^mm-v$)i,yt 
[0 0 11] *^w©^m^jft^?-©#ifigs^T*sj!fe 

-^^mi^ei'fiJffl L -5. iSfi^^tC^^T-ij^T*^. 
fifoT, iS&fiSgi^Mtt, AW7fefC7C*^Sn-2)Kx^ 
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4 

:^<D.^^j!)^e>jffiSl 0A~5mm, J?*L<«1 5A~1 
mm. J;OSf^ L<tt2 0 A~0. 1mm. MJrSf^b 
<«25A~0. 0 5mm, *=b$f^b<tt3 0A~ 

0. 0 immT^^, ytm.^^m<Dm-$. Rzf^mvtz 

10 [0 0 12] (5>3'y-i' H^-i':t» *%B;i©7¥:«^ 
^m^(Dm&^mm\i. o. o o o i~5ft:a%©^> 

fM-i:ty<^mi^mtl-X\t. La". La", Ce". 



C e 


", Ce 


", Pr 


", P r 


", P r 


" . Nd 




, N 


d" 


, Nd" 


. Pm" 


. Pm" 


, Sm" 


. Sm" 




Eu 


2 4 

I 


Eu", 


Gd", 


Gd". 


Tb". 


Tb", 


T 






, Dy" 


, Dy" 


.■ Dy'* 


, Ho" 


, Ho" 


1 


E r 


2 + 


E r" , 


Tm" , 


Tm", 


Yb" . 


Yb" , 


L 





u", L u"^*1^tf ZLtliOv-^. Pr", N 

20 d". Sm", Eu". Tb". Dy". Ho", Er 

", Tm", Yb"«?CD3ffl5'>:J'y'1' Kl^-f :t>tt. 

-o^yt^m-r^j^x:^mmz^i,z^mx$>K). fpThE 

u" <i:Tb"ttBj«3te««0D5iVim7feSrWr-5<DTi|ffC 

^m^z•z>\.^r^t. m&i'm^m-i:t>mm(Dmmz^r) 
mtT^ffi. —mzo. 0 0 0 i^m%izmrzr£\,^h^ 

tao. 0 0 0 l'-5#:«%, SfSK«0. 0 0 0 5~ 
4^ffi%. MfC*f*L<«0. 0 0 1~3#:W5S, gfc 
$f*b<ttO. 0 0 5~2^*:?t%T$)-l)„ 1^. s^^m% 

[0 0 13] ^^mo9)iW^t:mmti.h<Dtr^Tzib\z 

*^*^-5Bft-f :*->i:'5 L<DX.^)V^-1SL^\zmm^^t^ 

fCRJt«»Jf **5=';P m7L\S.. Okamoto, Y. ; 

et al. ;Macro molecules, 14 
^, 1 7H (1 9 8 1) . S0C;i^:[i?|ffl©3tSJE^# 

50 m) -esjajsnTti^ciitfeff^-r^t^Aen-i.. 
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5 

z.\rM7&mm^mmm (tem. stem*) \zxK>n 

[0 0 14] msL^mmo'^h^j y^7.^m 

^T^-^h^jy^xmmzit. 'i:^muytmm^^^-t^ 
fRD\z:^i^TmzMm\tr^i^^^. pf^vimtLxmwt lo 
:^f^x. mM(Di[^&^m(DmzMi^xmmu$^^B^^m, 

«i;y^x<tti, mnmz^mm'f-Rzsmmm^^'^mL 
u^^^^^miimmxhrntj^ < , z(DmY) iz:^i^xS:M<d 

[0 0 15] (mM:»y7.) :^mmz:^l^XMmi}^7. 

(DUhtmiiLcomtLxit. mi^ti^xm^^^mmh 
m^tV'^OA (Lit o) . mit-ThvoA 

(Naz O) , mittlV^A (K2 O) , m\:)V\ii^^ 
A (Rbz O) . m<t±iy^A (Cs2 O) ^(DZ>/L^;t7 

'J'A (A 1 2 O3 ) > ^'fkS* (S i O2 ) , m<t^j > 

(P2 05 ) > mit^^y (Tioj . ^{kM^^ (z 
nO) > ^>fl:;tf U'::?^ (Ga, O3 ) . m\:.y)V^:^^ 30 
A (Geo? ) . g^{k>?;i/3-'i7A (Zr02 ) . g^fb 
(CdO) . mitT-)V)V (TeOz ) , Mit 
AU'i7A (BaO) . mit^yifT.'fy (WO3 ) . ^ 
it^y-S^JV (Taz O5 ) . mit^^ (PbO) . ^>ft;t: 
(B O3 ) ^CD2ffifd:liL6ffi7C*cDK<b 

:7^>'fbu-^':7A (L i F) , (n 

aF) . >'^>^b;^U'5A (KF) . yvit)V\iV^^A 
(RbF) . yvit^y^OIx (CsF) *c^7>/^*U^ 

myyitm. yv\\:^^)^}t^i^ (bcf? ) , 7>vibv 

i>'^'.^7A (MgF2 ) . yvitT)V^-^I^ (A 1 40 
F3 ) . y-jitti)Vy^2^ (CaFj ) , >^>y^tX*> 
-J^2^ (ScFa ) . :7^>^fk-7>:»> (MnFz ) , y 
vitWi (FeFj . FeFa ) yvit::m)Vh (CoF 

2 ) . yvit-v^)V (N i F2 ) , yyit^m (Zn 
F2 ) . yyit:^o^A (GaFs ) > yyitT^huy 

(S r F2 ) . yyit-iyhO^A (YF, ) . 
yyitz^J\^:j-^L. (ZrF4 ) , y yit:f3 
(CdF, ) . :7^:/{t:'f >vi^7A ( I n F3 ) . :7^;;^t; 
AU'i'A (BaF2 ) , yyit^yi^y (LaF, ) . 
>'^v{b^^::t>^A (NdFa ) > y y^t-i y T'Jl}^'^!:^ 50 
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(YbF3 ) . yyim (PbFj ) . yyithVOA 
(ThF4 ) mo:>2mU\^^l.4m7zm(Dyy^t^. ;tf'J 
•^A (Ga) . ^*;i^y'-^A (Ge) *(D4B:K7C^, 
'J> (P) . fitm (As) , 7>^^> (Sb) #CD5 
B:^7C^. ?5£m (S) . -kl/> (Se) . (T 
e) *(Z)6 Bl^^^^^O^^tf ^tl^o 
[0 0 16] Z.n^<DiiM(Dm^'&-t>i^(D^^mz^D 

^f-ni^zmjA^mm:^ xmm^nxi^^^f}^. :^mm^z 

mm:»y7.U}S.mtl.X\t. MacFarla 
ne, D. R. ;Ceramics Internat 
ional. 22m. 5 3 5M (1 9 9 6) tCfB«$n 
X\^^^<i:z)\Z. SiOi . Geo? , TeOz -BaO 
-ZnO> TeOz -WO3 -Taz O5 . TeOz - 
WO3 -Bi2 O3 . TeOz -BaO-PbO. Ca 
O-AI2 O3 . CaO-Al2 O3 -BaO> CaO 
-AI2 O3 -Na2 O. CaO-Al2 O3 -K 

2 O, CaO-Al2 O3 -SiO? . PbO-Bi2 

03 -BaO. PbO-Bi2 O3 - Z n O. PbO- 
Bi2 O3 > PbO-Bi2 O3 -BaO-ZnO. P 
bO-Bi2 O3 -CdO-Alj O3 . PbO-Bi 

2 O3 -GeOz . PbO-Bi2 O3 - G e O2 -T 
I2 O. BaO-PbO-Biz O3 > BaO-PbO 
-Bij O3 -ZnO. BizOa -Ga? O3 -Pb 
O. Bi2 O3 -Ga2 O3 -CdO> B'u O3 -G 
a? O3 - (Pb, Cd) om(Dmim:^*^Xl^. Zr 
F4 -BaFz , Z r F4 -ThF4 , Z r F4 -Ba 
F2 -NaF, Z r F4 -BaF? -ThF4 . ZrF 

4 -BaF2 -LaF3 , Z r F4 -BaFs -MF„ 
-AIF3 (fibdClTMFn tlL i F, NaF. Ca 
F2 . YF, . GaF, . LaFj . NdF, . ThF 
4 m^mT) . ZrF4 -BaFi -LaF, -AlF 

3 -NaF (all5?ZBLAN) m(Dy yiti^)l:3-ry 
^^7.^. A 1 F3 -PbFz -SrFj -MgFz > 
A 1 F3 -BaF2 -YF3 -ThF4 , A I F3 -Y 
F3-BaF2 -CaF2 . A 1 F3 -CdFz -Li 
F-PbF2 m(DyyitT)V^::L^KU'y:;^^. PbF 
2 -MF2 -XF3 . AF-MF2 -XF3 ({BLCli: 

y^jmcDM^^m^'^n'enm^) > inPj -Ba 

Ft -YF3 m<DhUy)l:ty^ \^:»'7y.^. Zn 
F2 . S r F2 , MnFz . C a F2 . B a F2 
-7.i:Lrc2m^myyit!^:f}^y.^. As-S> Oe 
-S, Ge-P~S, As-Se, As-Ge-Se> 
Ge-Se. Ge-As-Se> La-Ga-Ge-S 
e. Ge-Sb-Se> Ge-Se-Te. As-Ge 
-Se-Te. As-Se-Te«<^*;i/3>*r:h'i' K;y 
^X^. TeCl4 ^ TeBr4 . Tel4 mcDtJJVZJ 

[0 0 17] (^>:$'y^ \^m^:t>^^ismm:»y7s 



*^:^^^^i^^mm:^y7.^Mmimzm^r^j:m. ®m 

±ti(Dm^i&^^u^mmiz':^\^^Tit. wz 

[0 0 18] ±f2©mix=g«, 

\zi5\^'f:^MmiJ^7.Bnt(Dm^xmT$>^. mmm:^ 
'yT.mnit. MTK^m^jtt.m^Kmiz^Dmmi^.^'p 

it'^^'v$>^o mwmz\t—m^ (1) T^sn^^js 

[0 0 19] 

[^kl] M (OR) . Z. (1) 
MX. Z„ (2) 

[0 0 2 0] ({BL. ±K-~js^T\ Mit^mf^^f-^m 

[0 0 2 1 ] -flS^ ( 1 ) T^^n^fb'&^^^Tch. 

xh=^^'>'>^> (iif»;TEOS) . ^^h^-n-T'Dtf 

h - n h=^^'>s^^ >^(D7^ h •^7;i'n4^'>i>^ > 
;*5";i/hU^ h:^^v'>^>. p^^;H-Uxh + f>>' 

hUxh^=^5>f>^>, f>i'n^^>';i/huxh4^->i>^ 
>m(D^yy)V^jvh^JT)Va^i^i^^>m. :7xxji. 
hUxh:^^>'i>^>. :f:75^;i/hUxh^^>->-'^>. 4 
-i:7nD7x-;i/h uxh4^->v^>, 4->'Ty:7x 
x;i^ h Ux h4^i>->^>. 4-757 :7xx;i/huxh 
4^>'v^>. 4~xhD:7xx;i/hUxh^i>->^>, 
4-;><^;i/:7xx;i/hUxh^'>'>^>. 4-t::KD=^^ 
v':7xx;i/hux h4^v'v'^>^oqEy 7U-;i/h U7 
;^zi4^'>e/'^>^, 7xy^^i/hUxh^5>i>^>, :h 
:7'3";l':t=^^>'hUX h:^v-S^^>. 4-i7PD:7xXJU 
::*-^>-hUxh:*^5^'>"^>. 4-i^7/y:iL-JVhV:t 
^i^Jih^z^i^yy. 4-75 7 :7xX;U:t4^>'hUx 

h^'>>^'^>, 4-- ^p:7xx;I/:r+v'hux^4^>- 
>. 4-fc Kn4^->7xX;i/:j-=^rS^hUXh:^S^'>'^> 
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h KD:^^>'hU7 h^'>f>5>. ^7 h Kn^-v K 'Jx 
h4^'>v^>, ^7 t: KP^>-hU-n-yDt::;l/:t4^ 
v'v^ >^<^)^7 t: Kd=^^'> h u 7)l:3^y->yym. 
v75^;i/>^7 h^v''>^>. i^^^^l/i^xh^^v'S/^ 
>> >^75";l/>?-n-yDe;^:t4^S/v^>, 7^;p 
(x?^;i/) vXh:^^i>>^-7>, (vi7D^4-i> 

;U) X h 4^ ^ >^ CD y jv^jv -JT)V:3^yi/'y 
>m> (^xx;w zyjLV^yyy>mo:>=EJ7 

10 ;i'4^;p^7 7U-;i/i^T;i^p=^i7>-^>^, v:7xx;i/ 
>^x h+'>i>'^>^(^)i;7U--;i^>?7;i/:3:^^vi/^> 

5S> >^7x74^i>>^Xh^^->ix^>fip(Dv7U-;i/:t4^ 
>^>^7;^r3:^>S^^>3«, (:7x7=^^v) vXh 

^>^>^-^>^CD^7 7;l'4^;^^7 7'J— ;^:t4^5>>^7;i/ 
:3^i>i>^>®, :7xx;i/ (:7x74^f7) >?xh^i>>^ 

>^<Z)^7 7 U -;i/^7 7 U —)V:i-^yiyT )Vu^y 

f>>?xN=^S/i>^>> >^t: KP^^f>>?-n-yPhr;l/::^- 
4•>^f7^>^0>^t: KP^^'>>^7;UP^vi/^>^, p< 

20 (tHP^^v-) s^p^ h^^>-'>^>^o^7 7;i/^;i/ 
^:7 h HP=^^f>>?7;UP4^->>-^>Si. :7xx;u (tK 
P^S/) h*v">-^>^cD^7 7U'-;U^7 fc: Hp 

>> h 'J;?^5^JUx h4=^'>'>^>, hU;?^^;U-n-yp 

>> >^75^;i- (>'i7p^r^i>;l.) xh' + >^>^>^cDh 

U7;i'^;i.^7 7;^p=^^sx'>^>», (>^xx 

)Vu:^i^iy'^ym. 7^;i^ (>^:7xxji.) xH4^vi>^ 
30 >#(D^7 7J^4^;l^S^7U-;l'^7 7;UP^>rv'^> 

hU:7x7^>'Xh^>'>^^>^<DhU7U-;P:*- 

4^s^^77;i/P^f>>-^>^. (v:7x7=*^'» 

X h^v'>^^>^C0^7 7;i/^;Pf/7U-;i/:^^i7^7 

7;i^p4^f>f>^>®. :7xx;i. (>^7x7+i/) xh^^ 

'>'> ^ >^(D^ 7 7 U -;U>^7 U T 

^i^zy^pym. f/^^^U (yx7+>^) Xh:^^>^>'^> 

^(7:)>?7;u^;i/^7 7 u -;^:^^S/^7 7;1/p4^>->-^ 

7 u 7 7 U 4^ > ^ 7 7;PP + V V ^ 

40 ^^)V (>^xx;i.) (y^x7=^^i7). xh4^f>'>^>^(?[) 
^7 T)V^)V^J 7 U -;U^7 7 U -)V:^^y^JT}V 
::i^yyy>m. hU t Kp^v7 h^vS/^>, hU 
t KP4^>'Xh4^f7'>5^>, hijt:KP^v'-n-7?^P 
tf;^:t^vi7^>^(DhU t HP4^f>^7 7;i/=i4^i/i> 
^>S, h^>''>^><D2-'5m#:#0D± 

[0 0 2 2] (2) 'v^'^n^it^m(D^wm^ 

hyzfu^y^y. ^Y.^s^\ii^^y^ hU^npy 
50 u=Eyyy. -Ji?uuzyzfu^y'yym<D'TVyJ\n^ 



( 6 ) 



y 7)V^JV h U AnyV >®> :7 x::i;U h U ^ p d 
;H-Ui7PPv'^>. :7 3::z;i/vi7PPyp^->5>^ 

p^^v-h u Apy7S/^>». >?^^;^>^i7pps/^ 10 

(x5^;W vi7ppi/-^>, :^j-)V (i^i^u 
^ ^ V i7 p p ^ CD 7 ;^ ^ ;u v^v' N D >- 
^>ffl, (:7x::i;i/) i^>:7DPS/^>^cD^y 7 

i7aazy'^>m<D-JT^j—jw:y/\ayy->^>m. Vy 
X y ^ i7 p n V ^ CO 7 U V i^/N o ^ 

yzyy>m. (:7xy^>^) ':/57PP'>^>^o 

7;]/^;ix^y 7U— ;v:t=^i/i^>'Nn>>-v f>'5'>ii. 

>^x::i;^ (7xy^i^) i^^aaiyy>m<D=Ey7^)- 

UUzyy >m<D-J7)V:2 ^ P ^ 7 f> ^ 

y7)Vzi^->z;^^ua->y>m. 7xz:;i/ (xh=^^i» 
zyi7 P P zyy>m<D^y 7 U / X h^zyi^i7 P P 

zyy>m. l-u^^;i-i7ppv^>. >?y^;i/ (x^^^ 
zy^ym<DbU7j\^^ji'ey/\u^*yi^^>m. e^y^ 

JV (yjL-M i7UUzyy>m<Oi^7)V^)V'^J7^)- 
jV'Ey /\ayy iy^>m. y^;i^ (i^yx.-jl) i7aa 
i^y y^cD^y 7)V^)Vi^7 u — /A y ^ > 30 

hU:7xy=^^vi7PPv^>«(DhU7U— Jl^:t^ 

ui^y >^cD^ y 7)V^JVi^7 u y /N P ^ 

yiyy>m. y3L-)V (>?7xy4-'» i7ppi>^>i? 

c^)^ y 7 U —)V-J7 U -Jl/:t^'>^ y AD^r y V ^ > 

Si. i^y^;^ (:7xy^'» i:7PP>'^>^(7)>?7Ji'^ 

)V=^y7^)-)V:t^iy'^J/\uyjzyy>m. e/^^xX 

;i/ (:7xy^'» i7PPv'^>^o>?7U— ;i^^y 7U 

(:7xy4^v') ^^ppv^>^c7)^y 7;i/=^^;u^y 7U 40 
-;i/^y 7U-;i^:t^iy^yyND^ry i/^>^. h ux 
h4^i>i'pp5>^>^(7) h ijx h^>-^y/NDyy 

[0 0 2 3] Etc. -^tC ( 1 ) Xt^-®^ ( 2 ) T« 

vf^PP^iJU^A, hUxh4=^v7}N»:7^, hUi7PP 

i:,, hUxh^f>7;i/ax'j7A, h U^np7;^^x'i7 
A. h'JXh4^i>>J>. hUi:7PpiJ>. ^>37xh^ 50 
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vU>. ^>i$^i>DPU>. f/Xh4^>^AJl/v»5A. 
i7PD^^;i/S/«^A, hijxh:^^S/x;^7>>^'^A. hu^ 
uuy.tiyi^^Ix. ^Vyx.h^y^^>. y-VyC^u 
p^^>, vxh^v'7>:^>> >?i7pp-y^>:*f>, >? 

Xh + X^. i^iZPP^, h'JXh:^^>'«fe. hUi7PP 
f*. VXh^^VPAJl'h. f/^PPPA;l.h. V^Xh:^^ 

PDSta, hUxh4^>':?!?U^7A, hUi7np;^iJ^7 
A, xh-^xH^^vyjl/Vx-^A. y^hyi^uayjv^ 
X'^7A. f/Xh^^-S/X hD>5=-^7A, >^^PPXhP> 
A. hUxh^'>'f^y hU«^7A, i7UU^ y h 
U'>^A. T^h'^X h4^v>^;i/PX^7A. 5^h^i7PP>? 
;i/PX^7A, S^xh^^i^;^ F^'^zA, i^i7DP^7K^'> 
A> h Uxh^v-Of/^A, h'Ji7pp-r>>?«:7A. 
^hyX.h^->y-)V)Us 'rVy^uuj-)V)V. vXh^ 
'>AU^7A. i/iJ7PPAU»5A. hUXh + v'^>37 
>. hUi'PP^>3^>. hUxh^i^^^rti^A. hU 
^PD:^pa-f/A. h UXh^^i/'l' >y'7";i/h:'i7A, h U i7 
PP-f ^;;'7^;l/e'j7A, ^4^1tX h ^ i^^ > i^X "T" >. ^ 

^^i7uui^yif7.'T>. ^>^xh^->^7>^;K ^ 

>^i^PP:$7>^;p, >?Xh:^f>&\ ix^PPia, hU 
xh^r>^t:X-^X. hUi^POb'XVX. T-S^xh^ 
f>hU«?A, ^ h^i7PP hU^A^OD. a«J!^^1^CD^ 

[0 0 2 43 :m^m7r^-^nrz.mM13y7.WM(0^'(^ 
fe, T^h^y h^fy>'^>. ■7^h'^Xh^^vv^>^CD 
•T-h^7;Vn^f/>^^>^. hUxh^i/7;i/^X'^A 
^C0hU7Jl'P^>-7;i-^X'>A^. -T^h^Xh^^S/-^ 

^>^co'7'h'^7;wr3^'>^^>^a, ^h^i7PP->^ 

>^07^h'^AP^V>''^>li. hU^Dn7;i^ax'5 
A#(D h u;Npyy 7;i^^x'5'A^, '7'h^i:7pp^^ 
ym(D'rVyj\u^* y^^ymmmjm\z^m^ti. e 

>^(D7^h-^7;pn4-^^>-^>ig. huxh:^'>7;i-^ 

xr^A^co h U 7;WP^i>7;i'^x^ASS. -T^h^i^P 

ps/^>#<z)7"h^Apyyf>^>«>^^\ sfcSfiii;:^* 

h^X h4^v'>'^>«CD^h^7;i/P + '>'>^>IS7&^ 

[0 0 2 5] ±fS(Z)^®:*?^xiMJ|Bffi, y^^y-;^ x 
^y-;K n-ypAy— ji/, V7'pe;^7;^=I- 
;l'> n-y^y-;u> v>^-3^j^7;bn-;^> t->^^ 

;P7;l-P-;l/, 7-fel->. 'rh^tHP>'^>> 

1t>> 7-t hxhUJl/^c^7j<JgttJgj§iJco$7X}g?S^lCjg 

37y--;i., x^y-;K n-yp/w-JK -rv^^'ptf 



( 7 ) 

11 

[0 0 2 6] ntimo). vjv-yjvii^mmi.rcmm:fjm 
xsTso, as, mxit. mm. mm. m 

m^\t. 7>^-7. l&7^>m. 2 

m7s.>m. sm7z>m. t:uv'>«?®^^^^SM 

[0 0 2 7] msT.m\tmm^^iBLnm^T.mx'h^, 
\±. fi\'A<Dm-i<Dmmumm^^wt^<o\zm.m(Dmm 

[0 0 2 8] ^4Xg«j^J5El8-r*^, Z.<DT.m\t.. 

#Sfc-r{E0fci5liT^j§!BfiKXS®*# (MS, mf^. EE 
«^*^abS©T% iiS^fdcJg^tS 1 5 0 O-CWT, fiSsE 40 

nm\t.4smii^mt\^. Sf^L<Hi 2 0 orj^tT. 

^JSE^rattS 6B#WJ&1|*|. J;i9iif^L<«l 0 0 0*C£i 

[0 0 2 9] mA^^m^mm.!s^xmmr^:f5m) * 
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[0 0 3 0] K«g<*:0#^Si4*t§liSii}'T'N©ii^7^fe« 
§ I. ^ «Kf §#: a # ^ iSi^^W (C figjg-r -5 ^ U T 

[0 0 3 1] (M^^l!!Jii54J-^^i2{a^<i:t--5 7>iS'y-f 

^i$-tLX miotic, *iAi-5fi#:{:ii3t,iX, 
[0 0 3 2] t#lCH{iKe(^>/;U-^r;i.ji^;^;fflLrc«S«:<? 

[0 0 3 3] ^fe, sS^#:®^7tSg&iSJ?).S«(r, ^§ 

®i£l-^-&*tlS©*JaSLi/i*t, &S^^g'f®^> 

[0 0 3 4] (S^J-KiS^i-^) _h|B©@^i-ilS^ (Hype 
r b r a n c h) fj: mi-rn^'^^Kt^t^i'lK© 
dtTafeO, *<*:WfC«, Hawker. C. J. et 
al ;J. Chem. Soc. , Chem. Co mm 
un. , 1990^, 1010 M, Tom alia, 
D. A. et al ;Angew. C h e m. I n t . 
Ed. Engl. , 29#. 138H(1990),H 
awker, C. J. et al ;J. Am. . C h e 
m. Soc, 112^, 7638M(1990), F 
rechet, J. M. J. :Science, 263 

1 7 1 OH (1 9 9 4) , ; <k 

^, 5 0#, 6 0 8M (1 9 9 5) «(^3tS«tCfi^a?$n 

T, ■y-^-ti)\,if.'iyV [Focal p o i n t ] t 



( 8 ) 
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[0 0 3 5] (m^m.n^=f(D^^mt^^m»i^) m 
$Em^(&m^f-(D6i-^m\tiiMr£-^^. 3 o o tA± 5 o o 

75^' 3 0 0 izmfzUi^^tm^mnmMm&Tr^ - 1*^ 10 

jffitCS 0 0 0 0^S^.5ttg#:d^'::'^#<?S:D-r^* 

^^i-TftoieHtt, »sb<tt3 0 o£i±4 0 0 0 oet 

<kDJfSL< H4 0 0£^±3 0 0 0 OJy.T> MJCff 
*L-< tt4 5 0JeA±2 0 0 0 0«T, «feiifSL<«5 
0 OeAJtl 0 0 0 Oa"FT*-&. 

^^-i" (GPC) STW^^n^gc^l^^J-^fiMn 

,c.c, tsa^isi^j-^SMw.cc. tdn. o^Mw 

,cpc, /Mn.cc, ^ 1 5;5:-5M«S:?i!Sfcf ;ii:*«M* 20 

w.cpc. /Mn,t,c. ©M^i/^s^tn^^/^$v^s^:M* 

J:0»^b<(il. 0 Jil± 1 2 J[i(T, 
MtcjffSL<«l. 0JJA±9Jy.T, «=fo$f*b<«l. 

,cpc. /Mn,cpci CDMTl. 0 frs^i;**pJI6t?* 

[0 0 3 6] (.m^mm^^(D^mm) ±ti<Dm6^&m 
m&t.'vmt\^'D^i^o\zts.K>. ^^^tXyX^mmmm 

[0 0 3 7 ] S5i-TFCD5^lKSSr^fi-r^#g:tbT«. 
ffl'J^t, ^litt^fiSMWRS (NMR) 7.^i; hMz^n^ 

ifi^m^m'ittim^m\mm(D^n^n\z^m^n^ 
m\zi5\,^Tmi>^&.m6i'f-(D^i-mf)^2 o o ogssrSA 

w t G P C ?i TS'J5€ $ n-5 aS¥i^5)-^SM w, c p c I t 
Mw/MwuFt) > 1 7ii)rsB^€jp^;tT:it*^*^f 50 
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[0 0 3 8] Mwy?)tMw,cpc. J;D t):^*<7i^^J«. 
Hawker, C. J. et al. ;J. Am. C h 
em. Soc. 112#. 7638H(1990)^ 
Uhrich, K. E. et al ;Macromol 

ecules. 25 4 5 8 3 M ( 1 9 9 2 ) ^{:|g 

T'f.te^n-5<t5fcC*6^^^^S (BP-^, Mw) *«|s|-T' 

^^^ll<D^rae*)/2:*^D (ip-^. Mw,c,c. ) \t'h-^<fi 
-ox^<^(Dt'&^mz\t.mw.-^n^> ts-i^^ ±tB(D-7 

TSiJ|5gHfj:<, 0 0 0 £A±eSOl:b^«) 

•SMatrix assisted laser de 
sorption ionization (MALD 
I ) Vy^X'^i' h;l'-^E lectrospra y V7>7. 
^i? h;l/^c75fTLl^^i*CDSffl*W*LV^^-&fcfe^. 

[0 0 3 9] (®^3-l!iJi«5i-^©'fti#«jg) SB^^iC, tK 

tH^v'K*, f3)v-^-^i^)vm. x;P3j^>i!*. tsh 

->HS, #U'N=^->l/>:^+->Ha, :^U-r V:/abf 1/ 
Ha^®^I 0 jg L W4<Z)^^^*^ 6 1JIT©7;1'=^^ >S 

rn^<o^-&jffsuii©tt, jftytsj^'j 

X^W>^=l-->Hffl, :}^Uynei/>^=^->Ka. 4^ 'J 
y'^^ 1/ >:t^^>' HSiProii 0 51 b W4®K«g;c*V 4 JgAT 

OiTsy^Jim. XhU^l'S^ -ham^ T)V 



# 

( 9 ) 

IS 

to 0 4 0] ^i2<S:TJc:K^<S.14^il*14*ft#-r?>fe 
x-T-;i'^-&. xxt-;1'^-&, 10 

-&6fLlt55»gS. u >iEX7.7";i/, iJU>g!x;^7";K 20 

3Wi73.>mmmmmmm^m^mmmi)^mhttf 30 

[0 0 4 1] ^D3lu*^a(r^§i^il^#-r-5®:Ji-iSii5 
\^m'i^>\zmm-^n. mm-^-ty^mmzfm\. 40 

T anner, S. P. et al;J.A 
m. Ch em. S o c. . 9 6#, 7 0 6H (19 7 



!t$W¥ 1 1 -4 0 8 7 1 
16 

4), Okamoto, Y. et al ;Macrom 
olecules. 14#, 17H(1981), Sa 
bbatini, N. et al ;Coordinat 
ionChemistry Rev. , 123 #, 20 

iH ( 1 9 9 3) mmm) ti^. ^mmm^m-t^m^^ 
mmmt.. :^mmziiK)Viii>x^\,^tz-^nfz^(Dxh 

[0 0 4 2] /5^75^ST>7^:f?i^c©.^T»^ bl/i^SiS 

■tym. ^vymm<Dmt7^mi&mmm.. y^ymm<n 
'^m^i&mmm. hr'j>'>s, 4^y<j>s. hiu-jvm 
^(D^^m^mmm, ^^y x.ymm(D^^n^wmm 
^m^x^. '^xh^y-ifym. i-yd'Vym. 7>h 
y±.ywm<Dmtii^mmmmmt^\zmmxh^. * 

(^^v'Jl/X— , (:7xxb->x-7">iW , 
zJ^'J ii-y^vyji-y-M ^(!D3?»lS7i^Ux-5";H8 

jg, 5}?'J (t KD:^->^mSg!) > 5l?'J (hHD:^^->:J- 

7i5'^>*>»1^7j?>^) ^®5?S®|;l?UX7.T-JHiiS, JJ? 

u (75y^,i,#^) > {7^Ji-y^vy^)V-^s 
ym) «<d^§:KjJ^'J7 5 H«ifi. 5i^'j7xxi/>7>;i' 

l/>. >'xXl/>t*xl/>^©*fS^#KiS^^T« 
iS, ^Si^7pUA-3l^^- ^SJ^tJ^'JxXt^JU*- 

sa*^^ t)-ii-fc«-& CD:^^ ift^Tttic) .-Si-r fins . 
[0 0 4 3] cne.©!*", ^^soffiico±ffi«5g*n 

fc, m.wm<om^mis,^TmtL=f-^'^hjx\,^ 
x^m\^^xti\^K -m.\z. if.^m(o%mM^m^(o^m 
^^Bis, ^ikm<Dm^{/f^^^i.xi^x-hmiou\,\ 

[0 0 44] mm^mm) *56?^lC*5tt-&6B{S^t> 

©^j^fijctteattt, mvi:-^<Dm-^^yti7-uyts-K 

[0 0 4 5] 
[{k2l 



( 10 ) 



17 
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cf O 
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R' 



[0 0 4 6] (fflbR' UTiam^'f^ 7A^)\^&> 7'J 

Jim. u>^». ffi'j>^a, i>:su>^s, 

(-COSH) , (-CSSH) , ^■9->h 

-hp». :=.hu;k» , 'fv-h 

ttfeS. irl/y-;i/*> ±U:=.\f&^<D 

c^f^-i:ty& (^n^eniojv^^-yu-hm. 7.)V^- 

= 23S75y». smr^jm. -hU)vmm(D 

m^m. Rr;c;ine>^tta*^7'D h>S:^oT^i;2>is 
a) , siiTsya^ros^-^wetga, ;^ji':*3 7'h 

a, i^T.JVy^ h*a. X>/U7-< Ka, ^^A^PA;*-!- 

^>a> ^;w;^:''ha«o«fg^^wmtea, ai^rsy 

-ha*iS'£)«F*Lli. 

[0 0 4 7] ±w.<Dm7n-sritc^miA'sm&\t. i -p© 



I 

R' 



10 e., 1 -^cogefi^-^ir^ftf ^ig'etEa<Di5:«. m± 
3 oiEATi:-r'5©*^s^-e, $f^L<«m±2 0£; 
T, Mt»^b<«ieji.±i 5e<T> «fe»*b<«i 

ofiATT-fe^o g^g^-r^^wtga^, OKA 

±1 OJy,T<^ia^iJf-S-o-bfclM^T|iSTC)nTl^-5(73dta 

- (c ^ffl T- # s Mnfcii#:^si4 ^*T-® <oig'stga 
20 DTA) , i^x.^uyhUTs.ysmm. cmrnDTF 

A) , Sb^^^tl, 4. 7, 10-h'J (7±'T-^y^ 
yyy)^) 5=-h5T-y-*->i'P H-?^;«3> (jifj^DOTA) 

^<D-^^^j73.yf])i':^ymm. r-ji'y^uy^. zfnh 
:^)Vy-^ u ym. :xi^^Tf-)vy^ u p^v^^i'^-c 
u ymm(Difsy}y-i u >«icf^^$n^3i^U'&^*3f* 

[0 0 4 8] sB-E^ir^sviT^, ^m'^'^m&t.mi^i^ 

i/^o Mil^JIM^ 1 OtA±t^cE-5t, ButecD^FelSf 

u<«r©^«8ejiT> 3 5>triif*b<tt7jei.T, 
40 [0 0 4 9] (7>^'y-f HP<§^^>$t#:®saifi;&^) 

\immmt(Df^<oi>-uyf] K:t>^-&) x«sa<ai^ 

\z^y)-^m-vh^. j:D^#65trtt, 7>^'y-fHi!i^ 
:t>co!ii^. ei:^, '^^.^m.. •:fu\f.-tym.m<Dti)\'Tf^ 

50 [0 0 5 0] ±fefg<*:f'*5UT, ^fllRft'f ^>COIEmi^ 



19 

rn^^-^y^ mm-^:^>. mm^^y. mm^^t 
> Hta? ® ^ Pe^gf iST s -a- ^ ft T 

[0 0 5 1 ] 

(1) NMR : B2^ti^aSa JNM-EX2 7 G^FT 
-NMR ( 'H : 2 7 OMHz, " C : 6 7 . 8MH 

z) . mm: CDC \ , . 

(2) FT- I R : B*^^7¥:XSIttS[FT/I R-8 0 
OOS!FT-IR, ftmf^^±lZ-*)->y)]^<Dmt^'^U 

[0 0 5 2] (3) 7.-^^7 h;i' : a^^f^mSKO 
MPACT MALDI Ill^U-if— f ^>-fbTO F 

n$:aU?l<1tIEi&tT-5^-&*5$.-5o Leo 
n. J.W. et al;Polym. Bull., 3 
5#. 449H(1995) ) 

[0 0 5 3] [is-'y^hy&^m-r^y^-tDV^s-i 

yhmSS.mi^L(D'^^] Newkome. G. R. . et 
al ;Macromolecules, 24 14 
4 3 M (19 9 1) fC|3S£ro 1 - h K a4^->^>>7 h U 
TV-)Vtiyy'i>t:i^^i^)Vt))V:ii'y-( S. K (DCC) 
Srfflt^^JS h*{t:SJS:ic^S!ibT> 2, 2-k*;^ (th* 
n=^^i/;)t5";i/) yntf:t>K©2-:P©7K®E»<£-f V^p 
\:f^)y'y'tr^-)VmxUmLrzit-&!^t4' -7^J7 
-fe h-7xy >t$rx t Kn7^> (THF) "^JT'i^ 
N- (4' -y-t^JP^xJrJU) -2, 2-t* 

s^-r V zfu tf ij ^'y'r^-jvmxw^Ltcit'^i^^n 
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-;u*i^^j5)ctnra&^N- {4* - (3" -^■:f^y)V 
■tu-:fu\i)V- 1" . 3" -•funyiP:i:-M 7i:x 
-2. 2-lfX (t HD=l^->;*5";U) ynh::t>7 
SF^ttfc. :i-5 LTi#/t^fi)c;t)f1^(D2t3©*^aiC, 

±%zxm%m(D^m\zmuv7 ip u n - h i ^i-^ 
yji&t ^--y^h ym^mr^y i>r-ti)V-^^-( y hm 

10 (JiATj3-DKF ^^-^^KD^c. 

[0 0 5 4] [«l*tt7^>K'J V-IBfic^W-^^] tflKE 
®Newkome*®5:ffi{frlB®©:;&ffiCS:p«lUT, h 

'))V^WMii\.XY'}7. { (2-vyyx5";w rt^^v- 

JECJiteTS H'&fiESJS^tCipaabTTCNSrjS-DKF 

iKjs^i±. i3-'y^hym^y:t-ti)i^^-ryhizm 

f •5-7^>KUv-#*& (^TiS-DKF-CN, iBS) 

20 [0 0 5 5] [i^*tt7>5'y-f h'Ki-f:^>^ft:®^ 

^] 3-DKF-CN, &^^y-;i/7KJgiSlCjg^L, 
5^J^aS (OH- ) ibi^cDA I A I ON SAlOA 

;i/b*':>A(Ill) Roc^xri' 0 1^^7^(111) <D:Sfk!i) (tK^q 

if ^3ffi5>i5'y^ KI5i^:t> (Ji(TL n' ' tIS) ft 
#: (^TLn-DiDS) 07K^jg^&»;fc. ^LT, -i :t 

y-f Ko^*a«. v^-rnfca^fit©ififi%ijArtT?- 

ifebfc. 

[0 0 5 6] ^mmi. Rzfmmm2 . 

±SB^<*:Ln-D (HiS^iJ 1 ttL n =T b, «iS«aj2« 
Ln=Eu) h^x h^->->^> (TEOS) ^IB 
-&b, 0. 5Mfi%©Jimi!«:-^tJ8 0%x^'y-;i//!K 

• mm'pizmm (.'Ln-DtTEos<Dmm\t3omm% 

mm) b, ^^li:|a^tT5 O'CTlPtF^^^MSfa^K^, 

bfc. (lb, Ln -Di:TEOS©tt3i*-iB-&i:b«, L 
n-D/'TEOS = 4. 4 8 (.^Jl/^)V) tbfc. d 
0tt3i*-J;Ltt« TEOS^^'^lfetCS i Oj {C^tfe^tlJi)^ 
•:3^TCD#^!t^*^*«E^b, Ln'*7i^*S i O, -7h'Jyi7 
:^ + tC^}-Sj[bT(/i-5)<hig^bfc«-&(DL n" 0^a*J 
0. 2#:iBl%t;a«.:it»ctB^-rs (ClC:TTb"i:E 
u" ©-f :^->*g«^-n^*ni . 0 6 3ARr/l. 0 8 
7 A, S i Oi (Dmmt^^(DmtLX2. 6 5^^n 
^•n^fflbfc) . SHtS5S#ffl^{CT5 0*CT'8B#rBl 

50 7K¥fr#sb. 'A^^xnmmm^mmT5ox:x2 4fi^ 
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[0 0 5 7] [jJ?y'<>i?;i'X-T-JW'r>h*'Jv-Efi[ 

TiJigWS, 5--:^t Kn + ->$,ftSi?$:. X 

^fi£T-l>7K^S^Ii5t<^ttr<fcDx^;i/3, 5-vhH 
P4^->^>l/X— h (Jiy.TEDHBi:llS) «r»fc. ED 

±trji^^xmUVrzo J^^V^T, Hawker. C. 
J . e t a 1 ; J . Am. Chem. Soc. , 11 
2m. 7638H(1990) tCfSmro^^^tCfiev^ffc 
^ 1 3 URco^y h* U 7^ 1- -y ^ > ^'D 
K (^tl^'n [G- 1] -B rS.!/: [G- 3] -B 
r tm) ^. l^:S:i«fB«gcO*l*^S!*<J':7Ai: 1 8-i7 

7'::7>- 6 x-T-;P^ffiffl"r'5x-7^;MbKJ*:;trj;t)± 

IBEDHB tffi-&L.T> :7 > M'X5^J|/X 

(^n^n [G-2] -cooEt [G-4] -coo 

E t tig) ^ntz. :irL'^\t. ' HS:r>'" C-NMRX 

h;Kc4Di^Tx5^;px7.-7^;nc!iSJg$n-5>-i^:J-;i' 

*^^e)nfc:it. S.t/FT- I RT.'^i^ h;KCTl 7 2 
0 cm-'#i5»wX7.7^;KDA;i/7j?x;l'*{r!lS^SnS® 

7bHP77> (THF) ICigfPU, 10feSS©*K 
'fbA'J^7A*-&tJ3 0Sl:%7K^^S'tin;^fe. J^JV^TR 

S*a^bfc. ^Wi-nv hi/ ■5:7-1' (TLC) X-R^m 
^>tl7S*^o^cCi:, RIXFT- I R7,^i7 h;nrT 1 7 

0 0 cm' W^je©;b;bd^x;wstc!l§s$n-5®iRt;<3JW 
jj? ^ ->;i/S s $ o - H #8iffiib*t^ nfc ;i i: 
ij^^. Ig^©x^;i/xx-r;i/Stt^:^trj!jD>!K^3'«?*S 

T^n^'n [G-2] -COOHRtX [G-4] -CO 
OHif^fS) . 

[0 0 5 8] [Tb" ©#'J'<>vJl'X-7^;Vx> K'J 
V-lt'f^©-^^] ±fecD [G-2] -COOH&t/ [G 
-4] -COOH (#3^g) t7^;Pk'C7AW^m (ii 
tKW Tb" (CHCOO- ) 3 (l^a) $:i7DP--^ 
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x^mw-^ntz, :in^<D^'i&mt. yt-i^t.^^ 

YMZii\i^X. 1 7 0 0 crri' ¥iT6.<r>ti)\'i!^yfk(0tl)V 

m. (K^bUTbj Os tUTH■»t/tl3<^^■&t^) 
Sl%£;ll^Tf1-^ffl<i:-StLfc;ii:7i>6> 

bit -^-n-^r'n [G-2] 3 -TbStf: [G- 

4] 3 -TbtlS) . 

[0 0 5 9] ^^^j3. -B^ummmA 

HUJiEtCt D#^nfc [G-2] 1 -Tb mmmz) 'R 

n [G-4] 3 -Tb mmmA) ^2 = U^>IP/L® 

««TTHFtC^«b, -^tl-etl»SE^«lRtK2 

lr7^;l-7T7.->U P>*Ki«?&±lcS^#HmT5 0 
■C-e^flJU, MEET5 0"CT2 4P#rBmiSbT, Tb" 

ifeS^^^4'©ailTb'*^*l: t>fB«Eb 

fib, Th^' <D-i-ty^Wit\. 0 6 3A, JPU'^ 
>i?jl/x— T-JU5'> H U -T-Wffi-atd; 1.05 ('^>->* 

)V7)\'U—)V(om.) tvrzo 
[0 0 6 0] itmmi 

HiS^ajl IciSV^T, Ln-D ({abLn=Tb) <DRt3 

DtC|H)^;V©x;Pk''i7Ag1^^J^ («7j<^) Tb" (CH 

30 ^*-r-i)7^;i/7TX->'JP>atR*f^^bfc. 
[0 0 6 1] Jtli^g!l2 
^J-^fi2 10. 2TS^3, 4-vXh4^->S,fi,#K 
(T^H-'U £^T, DEAilll§) ^±mvrzT 

b ' ' cDj}^ U 'Oi^Jl/X— 7^;l/5^> H U V— ^#:©-&JS;^ 

-STb^^tf^^fffc (OT> DEA, -Tbt 
mS) . c:nSr±K^M«?!l3© [g-2], -ThoVi.ij 

r :^ -> u p >*ii«?ifeS:f^j5£b;fc. 
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